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P I  ABSTRACT 
A durable antistatic coating is achieved on polymethyl- 
methacrylate plastic without affecting its optical clarity 
by applying to the surface of the plastic a low molecular 
weight solvent having a high electron affinity and a 
high dipole moment Such as acentonitrile or nitrometh- 
ane alone or in the presence of photopolymerizable 
monomer. The treated polymethylmethacrylate plastic 
can then dissipate most of the induced electrostatic 
charge and retains its optical clarity. The antistatic 
behavior persists after washing, rubbing and vacuum 
treatment. 
8 C%if’ms, No Drawings 
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best optical clarity are produced by this immersion 
technique. Articles having best optical clarity are pro- 
duced when the temperature of the solvent is main- 
tained below 40" C and preferably from 10" C to 30" C. 
5 Surface treatment by immersion in solvent is found to 
result in a retention of about at least 0.05 percent by 
weight of solvent and typically about 0.1 percent sol- 
vent after five to thirty minutes at 10"-30" C. 
The solvent may also be applied as a viscous photo- 
10 polymerizable monomer and photoinitiator that poly- 
merizes to form an antistatic film having good optical 
clarity. The photopolymerizable system comprises a 
1. Field of the Invention liquid lower alkyl methacrylate ester such monomeric 
The present invention relates to surface treatment of methymethacrylate containing from 5-20 weight per- 
plastics and, more particularly, to the formation of a 15 cent lower alkyl methacrylate ester such as polymethyl- 
durable antistatic coating on the surface of acrylic resins methacrylate, 0.1 to 3% by weight of a photoinitiator 
such as polymethylmethacrylate. such as methoxybenzoin and 0.5 to 15% by weight of 
2. Description of the Prior Art the solvent. 
A very desirable property is exhibited by solid acrylic The acrylic surfaces treated in accordance with the 
polymers, such as crystal clarity, high impact strength, 20 invention are found to dissipate from 50 to 70% of an 
formability, and resistance to sunlight and weather in induced electrostatic charge within a short time span of 
most chemicals has led to widespread use in military approximately 60 seconds while retaining optical clar- 
and civilian applications, especially since these. poly- ity. The acquired antistatic behavior persisted after 
mers have become available in transparent, translucent washing, rubbing or vacuum treatment. This result was 
and brightly colored forms. Acrylic sheet is the stan- 25 obtained with as little as 0.1%, by weight, of the solvent 
dard transparent material for canopies, windows, instru- retained in the treated material. 
ment panels, searchlight and landing light covers on These and many other features and attendant advan- 
aircraft. Acrylics are finding increasing use in automo- tages of the invention will become apparent as the de- 
tive fields, as a sign material for faces and letters, display scription proceeds. 
DESCRIPTION OF THE PREFERRED 
and demonstration models, vending machines and in- 30 
EMBODIMENTS 
dustrial and architectural applications such as windows, 
safety shields, etc. 
The problem with acrylic plastics is that an electro- The process of the invention is applicable to solid 
static charge easily builds up on the surface of the arti- polymerized articles of acrylic esters such as those of 
cle. A particularly serious problem is that a charge can 35 the formula C H d  (CH3)-COOR in which R is 
build up on aircraft canopies or windows during flight methyl, ethyl, n-butyl, isobutyl or combinations thereof 
to such an extent as to cause fracture. The presently and particularly the methylmethacrylate and ethylme- 
known and available antistatic treatments are neither $hacrylate polymers containing at least 90% of these 
sufficiently durable nor do they provide sufficient esters. The treated article may be unoriented or may be 
charge dissipation without loss of optical clarity. Treat- 40 uniaxially or biaxially oriented materials in molded, cast 
ment of the acrylic surface with polyionenes which or extended form. 
were previously found to act as antistatic agents be- The solvent treating agent must have a low molecular 
cause of their high positive charge density was found to weight below about 200, preferably below 70, have high 
be unsuccessful in the case of acrylic polymers. A com- electron affinity and preferably also be a polar material 
mercial antistatic agent such as DuPont's Zelec-NK 45 having a high dipole moment. Preferred solvents are 
was found to disspate static electricity and yield good acetonitrile and nitromethane. The solvent is applied in 
clarity when applied to the surface of acrylic articles. excess to the surface for at least one minute until at least 
However, the agent could be easily removed by rubbing 0.05% by weight of solvent penetrates into the surface. 
or washing. Strong electron acceptors such as tet- While not being bound by theory it is believed that 
racyanoquinodimethane (TCNQ), tetracyanoethylene M the static dissipating characteristics of the solvents are 
(TCNE), and dinitrobenzene were studied and were due to their low molecular weight which permits pene- 
found to form charge transfer complexes with poly- tration into the acrylic ester matrix, their high electron 
methylmethacrylate which increased the conductivity affinity which permits weak charge transfer complex 
markedly and dissipated static electricity. However, formation and their high dipole moment and pol&- 
these agents severely attacked the surface yielding poor 55 ability effects associated with the solvent molecules 
optical clarity. screen the intermolecular potential barriers and pro- 
vides some degree of charge transport to assist in neu- 
tralizing the induced charge. 
The following experiments were conducted on 79 mil 
60 thick biaxially oriented Lucite (polymethylmethacryl- 
ate) discs. The discs were dipped for five to thirty min- 
utes in either cold (room temperature, 20" C) or hot 
( 3 0 ' 4  C) solvent and then removed, washed with 
water and dried overnight in a vacuum chamber before 
The primary method of characterization WBS the 
measurement of the static charge dissipation in an envi- 
ronment of known humidity. Static charge was deter- 
DURABLE ANTISTATIC COATING FOR 
' POLYMETHYLMF!THACRYLATE 
The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 83-568 
(72 Stat. 435; 42 USC 2457). 
65 testing. 
ORLGIN OF THE INVENTION 
BACKGROUND OF THE INVENTION 
SUMMARY OF THE INVENTION 
A durable antistatic is provided on the surface of 
plymethylmethacrylate articles by applying to the 
surface a low molecular weight solvent having a high 
electron arinity and a high dipole moment for a period 
of at least about one minute followed by washing with 
water and drying the surface. Treatment of times of up 
to about thirty minutes or more may be utilized depend- 
ing on the nature of the acrylic. The solvent may be 
applied by dipping, brushing, spraying or immersing the 
article in a bath of solvent. Treated articles having the 
3 
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mined using a Keithley Static Detecting Head with a 
high impedance electrometer. Static charge was in- 
duced primarily by triboelectric charging (usually with 
fresh wool). 
treatment was detected by measuring both the volume 
and surface resistivities in a guarded and shielded con- 
figuration. This technique also allows to distinguish 
between volume and surface treatments. The weight 
gain upon treatment, was determined by TGA and 10 
Kahn balance studies as functions of temperature and 
time. The thermal stability of the antistatic agent was 
elucidated in these experiments. Further studies of sta- 
bility involved subjecting the treated PMM to pro- 
longed pumping in vacuo, at various temperatures and 15 
times, as well as stringent washing tests. UV-visible and 
IR spectra were used to evaluate the optical clarity of 
the treated plates and to elucidate the nature of the 
static dissipation mechanism. The presence and amount 
of solvent present on the plastic discs were determined 20 
by vapor pressure and mass spectrometry studies. The 
high voltage characteristics of the treated plates were 
studied using a 120 KV generator. 
Table 1 below summarizes the charge dissipating 
characteristics obtained with a number of solvents. 
Any increase in electrical conductivity of PMM upon 5 
25 
TABLE I 
Effects of Various Solvents on PMM 
Dissipation of optical 
Static Charge Clarity 
acetonitrile Y e  good 
nitrometbe Yes good 
ethyl acetate no bad 
30 
Solvent 
gE no Y*r 
no bCnZene 
ethylene glycol no 
ac ry Io ni tIil e no 
bd 
brnEY1 
35 
The antistatic behavior or the acetonitrile sample 
persisted after 4 months. This technique was uncessful 
with polycarbonate since efficient charge dissipation 40 
was always accompanied by poor optical clarity. 
The volume and surface resistivity of the treated 
polymethylmethacrylate (PMM) are virtually the same 
as untreated PMM as shown in Table I1 which follows. 
TABLE I1 
Volume (DJ and Surface 0.) Rekitivitv of PMM Samples 
45 
sample 43 &I 
PMM 4 x 1017 4 x 1017 M 
PMM + CH3CN 2 x 1017 4-5 x 1017 
PMM + CHXN + TCNO 8 x 1015 3 x 10'6 
PMM + CH3NO2 2.3 X lOI7 4.2 X 10l6  
Various types of treatment of PMM with acetonitrile 55 
were attempted as shown in Table 111. 
TABLE I11 
Summary of the Effects of Various Treatments on PMM 
with Acetonitrile 
Treatment 
static charge Optical 60 
Dissipating Clarity 
~~ 
Submersion in 
(a) hot CH3CN Y e  bad 
92 (b) cold CH3CN Y e  Palnting Y e  
Spraying Y e  
(a) cold vapors no good 
(b) hot vapors no good 
bad 65 Vapor Treatment 
4 
As shown in Table 111, submersion in cold acetonit- 
rile appears to provide the best results from experiments 
conducted to date. The PMM treated by submersion in 
cold acetonitrile was found to retain its static charge 
dissipating characteristics even after prolonged pump- 
ing in vacuo at room temperature or at 60" C. At higher 
temperatures, the acetonitrile tended to be removed 
from the surface of the PMM article. 
A viscous pre-polymer was prepared by stirring over- 
night 100 grams of freshly distilled monomeric methyl 
methacrylate with 10 grams of high molecular weight 
poly methylmethacrylate (M.W. of about l,OOO,OOO). 
1% by weight of methoxybenzoin is then dissolved in 
the mixture along with the antistatic solvent. A 3-5 mil 
thick layer was poured onto a commercial sample of 
solid polymethylmethacrylate (PMM) and irradiated 
for one-half to one hour under a 450 W Hanovia Mer- 
cury Arc lamp. A summary of the materials used (and 
their percent, by weight) and the optical and static 
charge dissipation results are given in Table IV. 
Table IV. 
Photopolymerized Coatings on Polymethylmethacrylate 
Coating Material and optical 
percent, by weight Percent Dissipation. Clarity 
crylate (- 50%) 85 - %% fair 
CH$N(- 10%) 89 - 93% Bood 
DMSO(- 10%) 100% 
- 0% good CH>NO, (10%) A c ~ l o ~ t n l e  (10%) 
Hydroxyethyl Metha- 
0% 
~ 
*Relative to the mount of voltage induced on rn unvclted umple. 
Of the monomeric materials tested, methacrylic acid 
appears quite promising. It dissipates static charge, has 
good optical clarity, and is copolymerized into the sheet 
so that it should be quite durable. The durability and 
thermal stability of this coating is under study. Addi- 
tional studies of the methacrylic (MMA) acid coating 
on PMM have been carried out and are summarized in 
Table V. The cause of the poor static dissipation char- 
acteristics for the samples with 5 and 10% MMA in the 
coatings is unknown. 
TABLE V. 
Short Term Stabiity Studia of Pohotopolymcrized Codnga 
of Methyl Methacrylic Acid on Polymcthylmctbcryhte 
Percent, 
by Weight 
or MMA 
1% 
1% 
5% 
10% 
20% 
Percent Dirsipation of &tic Clwge 
Pumping Pumping After 
(R.H. = 18%). (R.H. = 50%) R.H. = 16% 
After After 
2hrs 12 hn 2 weeks 
82% 82% 89% 
88% 88% 92% 
18% 18% 090 
0% 0% 0% 
55% 55% 43% 
*RH. = relativc humidity 
Partial reaction of the MMA coatings with NaOH to 
improve the static dissipation was found to be ineffec- 
tive. The surface resistivity of the coating (p5 - lO1sn- 
cm) is less than that of bulk PMM @" - lO17Rcm), but 
is still too high to dissipate static charge by ordinary 
conduction mechanism. 
All of the samples treated by the immersion of photo- 
polymerization technique were subjected to high volt- 
age (HV) to determine if the treated sheets were more 
susceptible to dielectric breakdown. Voltages - 90 to 
120 kV (Fields - 6 x 10 V/cm) were applied to the 
sheets and no evidence of failure was found. . 
4,061,834 
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TWO techniques have been found which show prom- 
ise of rendering PMM antistatic while preserving its 
optical clarity These techniques involve the immersion 
of PMM in cold solvents of high dipole moment or the 
incorporation of these solvents into suitable matrices 
which are then photopolymerized onto commercial 
PMM sheets. The coatings are durable, cannot be 
washed or pumped off. The nature of the static charge 
dissipation mechanism is unknown. Spectroscopic stud- 10 
ies do not reveal any evidence of charge transfer. It is 
possible that polarizability effects associated with the 
solvent molecules screen the intermolecular potential 
barriers and provdides some degree of charge transport 
to assist in neutralizing the induced charge. 
applying to the surface of the article at a temperature 
of no more than 40" C a low molecular weight, 
polar, organic solvent having high electron affinity 
selected from the group consisting of nitromethane 
or acetonitrile, to form an antistatic coating com- 
prising a surface layer of said article having at least 
0.05% by weight of said solvent retained therein; 
and 
5 
drying said 
2. A method 
is a solid poly 
methyl, ethyl, propyl, butyl, or mixtures thereof. 
polymeric ester is a polymethylmethacrylate. 
g to claim 1 in which the article 
thacrylate ester selected from 
3. A method according to claim 2 in which the solid 
4. A method according to claim 1 in which the article 15 
It is to be realized that only preferred embodiments of contains at least 0.1% by weight of the solvent* 
the invention have been described and that 5. A method according to Claim 1 in which the SOL 
vent is applied at room temperature. 
6. A method according to claim 5 in which the sol- substitutions, alterations and modifications are all per- missible without departing from the spirit and scope of 2o vent is applied to the aicle by immersion of the article 
the invention as defined in the following claims. 
7. A method according to claim 1 in which the sol- 
8. An article produced according to the method of 
in the solvent. 
vent is acetonitrile. 
What is claimed is: 
1. A method of providing a durable, optidally clear, 
transparent, antistatic coating on the Surface of a trans- 
parent solid polymethacrylate article comprising the 25 claim 1. 
steps of: . * + + +  
30 
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